. Ensiled slaughter offal as a protein source for growing pigs.
Introduction
Fur animal production in Finland has decreased sharply in recent years causing a considerable decline in the demand of fresh slaughter offal for fur animal feed. Consequently, increasing amounts of slaughter offal have been dried to meat and bone meal, which has potential as an important protein source in pig diets because of its high protein content. However, the proportion of meat and bone meal is often limited to 0.05-0.07 in the diets of growing pigs due to its high ash content, poor quality of protein, and large variability in the overall composition and availability of nutrients. For example, a European survey of 124 samples showed that ash content ranged from 52 to 442 g/kg dry matter (DM), crude protein (CP) from 344 to 738 g/kg DM and lysine from 29 to 70 g/kg CP (Bruyer et al. 1990 ). The wide range in nutrient content reflects variations in the proportions of bone, collagen and soft tissue in the raw material. The protein of soft tissue is highly digestible with a more desirable amino acid profde, whereas the protein ofbone and collagen is difficult to digest and has a poorer amino acid profile, despite the high protein content. Danish experiments have shown that the ash content of meat and bone meal is a good indicator of apparent digestibility of the protein, amino acid composition, and energy value. All these properties deteriorate with increasing ash content (Just et al. 1982) . Thus, the exclusion of bone from the raw material could effectively improve the nutritional quality of the meal.
The processing method, particularly excessive heating, is an important factor affecting the quality of protein in the meal. In the drying process, high temperatures are needed to reduce the high moisture content of offal, as well as to kill pathogenic microbes. It has been shown that intense drying , applying a high temperature and pressure, reduces the digestibility of nitrogen and the availability of amino acids considerably (BATTERHAM et al. 1986 , Knabe et al. 1989 ). It has been suggested that amino acids may react with other compounds dur-Slaugter offal Grinding Autoclaving 130°C, 30 min Addition of carbohydrate (7% sugar beet molasses) i Addition of starter culture 2 * 10 5 lactic acid bacteria/g Incubation at 35°C (3 days)
Fermented product pH 3.7-3.9 ing the heating process, resulting in chemically modified amino acids. These modified amino acids may have a decreased digestibility and absorption generally, or they may be absorbed in forms that are utilized inefficiently (Batterham et al. 1990 , Moughan 1991 ).
Because of the negative effects of drying on the quality of protein in slaughter wastes, continuous attempts have been made to find alternative preservation methods to obtain animal feed ingredients with a high nutritive value and hygienic quality. Recently, more interest has been shown towards preservation using organic acids and lactic acid fermentation. Studies have indicated that lactic acid fermentation is suitable for the preservation of poultry offal (TIBBETTS et al. 1987 , RUSSELL et al. 1992 as well as cattle and swine offal (Skrede and Nes 1988) . Because of its high moisture content, slaughter offal is very susceptible to deterioration caused by bacteria and endogenous enzymes released from animal tissue. Thus, if the offal is fermented with lactic acid bacteria, it is necessary to add fermentable carbohydrates to ensure a rapid drop of pH below 4.0 (RUSSELL et al. 1992) . The offal may also contain dangerous pathogens and is, therefore, considered an environmental contam- inant. However, it has been shown that fermentation with lactic acid bacteria destroys certain pathogenic bacteria and viruses (Wooley et al. 1981 , Shotts et al. 1984 ). This study was conducted to evaluate the nutritive value of slaughter offal, ensiled with sugar beet molasses and lactic acid bacteria, for growing pigs.
Material and methods

Ensiling of slaughter offal
Fresh slaughter offal, consisting mainly of internal organs and digestive tracts of slaughtered cattle, was collected from an abattoir, and then ground and autoclaved at 130°C for 30 minutes. After autoclaving, part of the fat was mechanically removed from the surface and sugar beet molasses was added to the hot offal (70 kg per 1000 kg). This mixture was cooled down to 35°C and a commercial lactic acid bacteria culture (Medipharm Stabisil, 20*109 lactic acid bacteria/g) was added at a rate of 10 g per 1000 kg to give 2x105 lactic acid bacteria/g. The offal was then fermented in anaerobic silos for three days. The ensiling process is shown in Figure 1 . The ensiled slaughter offal (ESO) was manufactured by Ab Feora Oy in Uusikaarlepyy.
The ESO used in Experiment 1 was frozen after three days of fermentation to ensure the homogenous composition of the feed throughout the trial. In Experiment 2, the ESO was transported weekly to the farm and stored in covered plastic containers.
Animals, diets and experimental procedures Experiment I
A digestibility and nitrogen (N) balance assay was conducted with eight Large White x Landrace barrows using a 2x4 factorial arrangement in a Bx 4 cyclic change-over design to compare ESO and soyabean meal (SBM) as a protein supplement for growing pigs. The pigs were kept in metabolism cages throughout the trial, which allowed separate quantitative collection of urine and faeces. Each period comprised five days of adjustment and five days of collection. The live weight of the pigs was 41 kg at the beginning and 71 kg at the end of the trial. The average weight gain was 730 g/d.
The experimental diets consisted of a fixed amount of barley and an increasing amount of ESO or SBM (0, 20, 40 and 60 g supplemented CP/kg DM). The diets were adjusted by barley starch to give the same amount of dry matter per day. The composition of the experimental diets is shown in Table 1 . The daily ration was 1.8. 2.0, 2.2 and 2.4 kg DM/pig/d in periods 1 to 4, respectively. The pigs were given 40 g mineral and vitamin mixture (Seleeni-Minera) and 18-30 g calcium carbonate/d based on live weight to meet the mineral and vitamin requirements (Salo et al. 1990 ).
Experiment 2
A growth trial was conducted in a commercial piggery with 224 cross bred pigs using a randomized complete block design. Due to the size of the pig-gery, the trial was conducted in two blocks of 112 animals. Eight pigs (four gilts and four barrows) were placed into each pen and the pens were randomly allotted to two treatments.
The control pigs were fed a diet consisting of700 g barley, 150 g oats and 150 g protein concentrate (Sian-Herkku S -tiiviste, 400 g CP/kg) per kg. The test pigs were fed ESO and a feed mixture, which consisted of 700 g barley, 190 g oats, 65 g protein concentrate, 40 g mineral premix (Seleeni-Minera) and 5 g vitamin premix (Terviemix) per kg. Feeding was carried out according to the age of the animals using a scale from 1.1 to 2.8 feed units/pig/d (FU = 0.7 starch equivalents). The daily portion of ESO was 1.0 kg wet weight per animal for the first three weeks of the trial and 1.5 kg from then onwards. Both diets were calculated to give the same amount of net energy per day. The calculated digestible crude protein (DCP) content of the control diet was 132 g/kg. The DCP content of the test diet declined as the trial advanced, but during the whole trial it was calculated to be 132 g/kg on average.
The pigs were weighed at 0,4, 8, and 12 weeks from the beginning of the trial. They were fed to approximately 95 kg live weight and then slaughtered. At slaughter, the carcass weight and thickness of both back and side fat were measured on cold carcasses. Samples were taken from the tongissimus dorsi muscle before the last rib from 10 randomly selected carcasses per treatment. The samples were frozen (-18°C) to await chemical analysis and organoleptic grading.
Chemical analyses and calculation of feeding value
The chemical analyses of the feeds and faeces were conducted according to standard procedures (Aoac 1984) . Crude fat (CF) was determined after acid hydrolysis. Fresh ESO was analyzed for pH, reducing sugars (Somogyi 1945 ,Salo 1965 and lactic acid (Barker and Summerson 1941) . The DM content of ESO was corrected for the loss of lactic acid in oven drying according to Porter et al. (1984) . The amino acid and mineral analyses of ESO were performed as described by NÄSI (1988) .
The apparent digestibility of barley starch was assumed to be 1.00, while the digestibility coefficients of ESO and SBM were calculated by the regression and difference methods (Schneider and Platt 1975) . The feeding value of the experimental feeds was calculated as feed units according to Salo et al. (1990) and as metabolizable (ME) and net energy (NE) values according to Andersen and Just (1983) .
The count of total bacteria and coliforms in ESO were determined four times during the growth trial (Valtion maatalouskemian laitos 1981).
Analyses of meat samples
Frozen samples of the longissimus dorsi muscle were thawed in a coolerfor 24 hours and allowed to warm up to room temperature for two hours. The chemical analyses of the meat samples were performed according to standard procedures (AOAC 1984) . For organoleptic grading, the longissimus dorsi muscle was cut into 15 mm thick slices, which were fried at 200°C for 1 min 40 s on one side and 2 min on the other. A test panel graded the fried samples for tenderness, juiciness, taste and colour using a 7 point rating scale (tenderness: l=very tough, 7=very tender; juiciness: l=very dry, 7=very juicy; taste: l=very poor, 7=very good; colour: l=very pale, 7=very dark).
Statistical analyses
The data of the digestibility and nitrogen balance assay were subjected to an analysis of variance using the following model (Snedecor and Cochran 1989) :
Yjjk +Aj+Pj + Tk + eijk where p = overall mean, A; = effect of animal i, Pj = effect of period j, Tk = effect of treatment k and eijk = residual error. The degrees of freedom for treatment effects were further partitioned into single degrees of freedom by making orthogonal contrasts as follows: Cl = ESO diets vs SBM diets (effect of protein source), C 2 = linear effect of protein level, C 3 = quadratic effect ofprotein level, C 4 = cubic effect of protein level, C 5 = interaction ClxC2, C 6 = interaction ClxC3, C 7 = interaction ClxC4. Because there were no significant cubic effects (C4) or their interactions with protein source (C7), these were omitted from the tables. The data of the growth trial were studied by an analysis of variance using the following model (Snedhcor and Cochran 1989): Yij |i + Bi + Tj + eij where |4 = overall mean, Bj = effect of block /, Tj = effect of treatment j and ey = residual error. The initial weight of a pig was used as a covariate in analyzing weight gain, feed consumption and feed conversion rate. A pen was considered one experimental unit.
Results and discussion
Experiment 1 The chemical composition of the feed ingredients in Experiment I is given in Table 2 . After three days of fermentation, the fermented product had a pH of 3.80 and contained 106 g lactic acid and 101 g reducing sugars/kg DM. Although some sugars were left from fermentation, the low pH and high lactic acid content indicate that ESO was well fermented. The product was in liquid form and had a primarily sour odour.
ESO was found to contain 319 g CP/kg DM, which is less than the values reported for meat meal and meat and bone meal by Salo et al. (1990) . The lower CP content partly reflects the addition of sugar beet molasses to the offal. On the other hand, the CF content was exceptionally high, 403 g/kg DM, even though part of the fat was removed from the offal before fermentation. The ash content remained low, since the ESO had been made from soft offal. The calcium and phosphorus content of ESO was similar to the values reported for ruminant interaction Cl x C3. Significances: NS (not significant), * (p<0.05), ** (p < 0.01), *** (p < 0.001). Table 4 . Apparent digestibility of nutrients and nitrogen balance of diets in Experiment 1. interaction Cl x C 3. Significances: NS (not significant), *(p < 0.05), ** (p < 0.01), *** (p < 0.001). offal ensiled with formic acid by Machin et al. (1986) .
The lysine content of ESO was 47 g/kg CP. This value is lower than those listed for meat meal and meat and bone meal by SALO et al. (1990 ), whereas JUST et al. (1982 have reported values similar to the present results. The methionine, cystine and threonineconcentrations found in the present study are in agreement with the values reported for meat and bone meal by Just et al. (1982) and Salo et al. (1990) . According to SKREDE and NES (1988) , lactic acid fermentation does not affect the amino acid composition of abattoir waste, which indicates that there is no net synthesis of amino acids by lactobacilli. The palatability of ESO was good on all levels of supplementation (Table 3) . Increasing the level of protein supplementation in the diet led to a linear increase in the digestibility ofash and CP (p<0.001) and a linear decrease in the digestibility of organic matter and nitrogen-free extract (p<0.001) ( Table  4 ). The increase in the apparent digestibility of CP was similar on both ESO-and SBM-supplemented diets (p>0.05). There was a quadratic increase in the digestibility of CF with increasing protein supplementation (p<0.001). The increase was greater (p<0.05) for ESO-than SBM-supplemented diets.
The apparent faecal digestibility of CP calculated by the regression method was 0.898 for ESO (Table 5 ). The value is higher than those reported in literature for meat and bone meal (Just et al. 1982 , Knabe et al. 1989 and fresh slaughter waste (Just et al. 1982) .However, both meat and bone meal and fresh waste had a considerably higher ash content than ESO in the present study, which partly explains their lower digestibility. Furthermore, the ESO was made from soft tissues and soft offal protein is highly digestible, and mild heat treatment has been found to cause only slight damage to protein (Haugen et al. 1985) . The CP digestibility coefficients reported by Salo et al. (1990) range from 0.84 to 0.92 for meat meal and from 0.82 to 0.84 for meat and bone meal.
The apparent faecal digestibility of CP in SBM determined in the present study (0.867) is in agreement with the results of Just et al. (1983) and Knabe et al.(1989) . The N excretion, N retention, urea-N excretion and protein utilization were found to increase linearly with increasing N intake, as expected (pcO.OOl). The increase in N retention was similar on both ESO-and SBM-supplemented diets (p>0.05). The N excretion in urine was higher for ESO-than for SBM-supplemented diets (p<.os). However, the urea-N excretion, which gives an indication of the amino acid balance in the diet, was similar on both protein sources (p>.os). The supply of lysine (p<0.05), cystine, histidine (p<0.01), isoleucine and phenylalanine (pcO.OOl) was smaller on ESO than SBM diets. Lysine is the first limiting amino acid in barley based diets (Fuller et al, 1979) . The calculation of amino acid supply is based on the analyzed levels of amino acids in ESO (Table 3 ) and the amino acid contents reported by Salo et al. (1990) for soyabean meal and barley.
Daily weight gain increased linearly (p<0.00l) with increasing protein supplementation and was slightly higher for SBM-than for ESO-supplemented diets (p<0.05). Although the digestibility of CP was similar for both protein sources, the differences in amino acid supply may have been in part responsible for the poorer performance on the ESOsupplemented diet. However, the recording period may have been too short to show the full performance.
The calculated ME and NE values were 20.28 and 13.33 MJ/kg DM for ESO and 14.98 and 9.35 MJ/kg DM for SBM. respectively (Table 5 ). Other experiments have given ME values of 15.34 MJ/kg DM for soyabean meal (Just et al. 1983), 9.67 MJ/kg DM for meat and bone meal and 11.36 MJ/kg DM for fresh slaughter waste (JUST et al. 1982) . The considerably higher energy value of ESO compared to meat and bone meal and fresh slaughter waste is due to its high fat and low ash content.
Experiment 2
In Experiment 2, the average composition of ESO was 301±18.3 g DM/kg, 317± 22.6 g CP, 480 ±49.7 g CF and 46+3.9 g ash/kg DM. The content of fat varied the most, from 114 to 534 g CF/kg DM. When the fat content is high, it may limit the use of offal silage in pigs' diets. However, the fat content can be lowered by selection ofraw material and by the separation of fat. Fermentation causes the physical separation of oil, liquid and solid fractions (Russell et al. 1992) , as also observed in the present study. This is of value in decanting the layer of fat from the top to decrease the fat content and increase the protein content, thus making it possible to increase the proportion of offal silage in the diet.
The total bacteria count ranged from 61 000 to l.lxloB/g, which is probably due to the high number of lactobacilli in the product. There were fewer than 10 coliforms/g, which shows the good hygienic quality of the product. No visible surface growth of mould was observed during the oneweek storage on the farm, indicating satisfactory stability of ESO. According to Skrede and Nes (1988) an increasing proportion of bone in slaughter waste reduces the stability of the product. A high fat content can also be critical to the stability of offal silage. Due to fat separation, it is necessary to mix the silage during storage. When oxygen is mixed with the silage it reacts with fatty acids, resulting in a series of reactions called oxidative rancidity. The end products of oxidation have a strong odour and flavour which reduces the payability of fat (Enser 1984) . A high fat content may also reduce the flow characteristics of offal silage especially at low ambient temperatures.
The performance data for the pigs in Experiment 2 are shown in Table 6 . Two pigs were removed from the control group due to poor appetite. One pig died and five pigs were excluded from the test group for the following reasons: lung infection, tail biting, swine erysipelas and poor appetite (two pigs). No significant differences were observed in daily weight gain and number of days on trial between the control diet and the test diet. However, the protein concentration of the test diet decreased gradually towards the end of the growing period, whereas that of the control diet remained constant. The former feeding strategy may have been more favourable because of the relative reduction in amino acid requirement during the growing period. ESO provided 0.20 of dry matter and 0.22 of feed units of the test diet. All the pigs, except those excluded for the reasons mentioned above, ate the feeds without difficulty and their health remained good throughout the experiment. The total and daily feed consumption of pigs measured as feed units (Salo et al. 1990) and the feed conversion rate were similar on both diets (p>0.05).
The results obtained in the present study are supported by the observations of Machin et al. (1986) , who fed growing pigs with different levels of ruminant offal ensiled with formic acid. Their results showed that ruminant offal silage was palatable to pigs and could provide 0.21 of dietary DM without any negative effect on the pigs' performance. However, the carcasses tended to get fatter with an increasing level of offal silage in the diet due to the high energy (fat) content of the product. Tibbetts et al. (1987) produced poultry offal silage using Lactobacillus acidophilus and successfully fed it to pigs at the rate of 0.20 of dietary DM. Contrary to the present data Van Lunden et al. (1991) found that an increasing level of acid-preserved poultry offal in pigs' diets led to a linear decrease in growth rate due to a decrease in daily feed consumption. In trials, where increasing levels of meat and bone meal replaced soyabean meal in barley based diets, the rate and efficiency of gain of growing pigs were depressed, despite the fact that the calculated digestible amino acid supplies remained the same (Alaviuhkola 1989 ). It has been suggested that either the digestibility coefficients or the values for amino acid content set down in Finnish feed tables (Salo et al. 1990 ) for meat and bone meal are overestimated.
The dressing percentage was found to be higher for the test diet (p<0.01). No significant differences were observed in carcass fatness, contrary to the results of Machin et al. (1986) , or in the chemical composition and organoleptic scores of the longissimus dorsi muscle between the treatments.
In conclusion, the results of this study showed that slaughter offal can be successfully ensiled with sugar beet molasses and lactic acid bacteria, and included in pigs' diets to supply 0.20 of dietary dry matter without any negative effect on the pigs' performance. The protein value ofensiled slaughter offal did not differ from that of soyabean meal.
However, it is necessary to know the amino acid content of the product, especially that of lysine, in order to make adjustments if required. Compared to the drying process, lactic acid fermentation can provide an alternative low-cost method for preserving slaughter offal. A notable feature of ensiled slaughter offal is its high moisture content and, therefore, although drying costs are avoided, transportation costs become considerably high. Thus, the use of the product is restricted to areas close to the production site. Proper storage, preferably airtight silos, are needed on the farm to ensure the stability of the product. Due to its liquid form, the handling of the product is easiest in liquid feeding systems.
